BACKGROUND: Although the benefits of prostate cancer screening are uncertain and guidelines recommend that physicians share the screening decision with their patients, most U.S. men over age 50 are routinely screened, often without counseling.
P rostate cancer is a common but heterogeneous illness. Although 3% of U.S. men die from aggressive prostate cancer, about 40% of men harbor asymptomatic prostate cancer by the time they reach 80 years of age, implying that the majority of prostate cancers are indolent and potentially harmless. 1 Serum prostate-specific antigen (PSA) tests and digital rectal examinations (DRE) are commonly performed to screen for prostate cancer. However, the benefits of screening and early treatment have not been demonstrated while, conversely, screening is clearly associated with important harms because of the frequent side effects of prostate cancer treatments and the anxiety generated by false-positive test results. 2, 3 Major professional societies differ in their recommendations for prostate cancer screening. The U.S. Preventive Services Task Force (USPSTF) concludes that the evidence is insufficient to recommend for or against routine screening for prostate cancer. 4 Conversely, the American Urological Association and American Cancer Society both recommend that PSA and DRE testing be offered annually to asymptomatic men age 50 and older who have an estimated life expectancy of more than 10 years. 5, 6 However, all 3 of these major guidelines recommend that clinicians engage in shared decision making, informing patients about the likelihoods and uncertainties associated with different potential outcomes, and then helping them to make a decision that is consistent with their individual value systems. 7 In practice, guidelines are often not followed; one major cause is physicians' lack of knowledge about the recommendations. 8 Knowledge is especially important for carrying out PSA screening recommendations because to conduct shared decision making, physicians need at least a conceptual understanding of the evidence. However, surveys have consistently found that large proportions of primary care physicians perform PSA screening routinely, believing that screening is beneficial. [9] [10] [11] [12] Recent national data showed that 56% of men over age 80 had received PSA screening within the last year, a screening rate that was no different from younger age groups, 13 even though the average life expectancy at age 80 is 8.6 years. 14 In addition, many men appear to receive PSA screening without any discussion of the test's risks or benefits. 15, 16 These discrepancies between physicians' practices and even the most aggressive guideline recommendations suggest a need for better physician education. As a preliminary study in the development of an online physician education program focused on the USPSTF prostate cancer screening guidelines, we sought to develop a test measuring physicians' knowledge of the related evidence and expert opinion. We also sought to explore the association of this knowledge with physicians' self-reported screening practices and their beliefs about the net benefits of screening. We hypothesized that physicians having greater knowledge would believe less strongly in the benefits of PSA and DRE screening, and would report lower levels of routine PSA screening. 
Attitudes and Practices Survey
We developed survey questions to assess participants' attitudes and practices related to prostate cancer screening. Beliefs in the benefits of several cancer screening tests were assessed using a set of questions that asked subjects to rate how beneficial each test (including PSA, DRE, fecal occult blood, colonoscopy, mammography, Pap smear, and chest x-ray for lung cancer) is for reducing mortality risk in patients over age 50; the rating options were as follows: '' À 1. Harmful effect,'' ''0. No effect,'' ''1. Small benefit,'' ''2. Moderate benefit,'' or ''3. Large benefit.'' Physicians' self-reported PSA screening practices were assessed with questions that asked how often they routinely recommend PSA screening for men who have no family history of prostate cancer and who are age 40 to 49, 50 to 59, 60 to 69, 70 to 79, and 801. For each age group, respondents could select ''0% to 33%,'' ''34% to 66%,'' or ''67% to 100%.'' The wordings of the item stem and response options were based on a previously developed scale used for self-report of colon cancer screening practices. 17 Physicians' decisionmaking style was assessed with the question, ''Which approach best characterizes how a final decision about ordering a PSA test is typically made in your practice?'' Response options were adapted for physician self-rating from the Control Preferences Scale
18
-''I make the final decision,'' ''I prefer to make the final decision, but only after gathering input from the patient about his preference,'' ''The patient and I share the decision making as fully as possible,'' ''I ask the patient to make the decision, but only after we have discussed my opinions,'' and ''I leave the decision up to the patient.'' Finally, the survey asked about personal demographic and practice characteristics.
Recruitment and Data Collection
We randomly sampled physicians from the AMA Physician Masterfile, a registry that attempts to include all U.S. physicians. 19 Physicians were eligible for sampling if they listed their ''major professional activity'' as office-based practice, and their specialty as general internal medicine, family practice, or general practice. We restricted our sample to the Los Angeles area because we expected that some participants with low computer skills might require in-person assistance to complete the online exercise. We attempted to contact each sampled physician's office by telephone to confirm or correct the address and specialty designation. Physician records were dropped if no matching physician could be identified practicing in the Los Angeles area or if the office confirmed that the physician was not practicing in 1 of the 3 designated specialties. Physicians were mailed an invitation letter describing the study, including an offer of $75 for completing the 30-minute online exercise. Each letter included an identifying code for logging in to the study website. Physicians who did not log in were telephoned up to 5 times to inquire about their interest. Additional copies of the invitation letter were faxed or e-mailed, as necessary. The website's login page asked physicians the number of half-day sessions per week in which they deliver primary care to substantial numbers of men over age 40. A response of 2 or more was required to be study-eligible. Upon logging in, subjects were informed of their eligibility and presented with the online consent form. After indicating their consent, they completed the attitudes and practices survey. Then, the website presented each knowledge question individually, in random order. Subjects were required to answer each question before proceeding to the next. If subjects interrupted their session and returned later, the website returned them to their last unanswered question. Data collection was conducted online because we intended to use the knowledge test in a larger online educational program. The study protocol was approved by University of California's Institutional Review Board.
Analysis
Single-answer knowledge questions were scored 0 or 1. Composite true-false questions were scored as the proportion of correct options chosen and incorrect options not chosen out of all response options. Knowledge scales were created by summing the number correct across items. Internal consistency reliabilities for knowledge scales were estimated using Cronbach's coefficient a. 20 To explore the possibility of item clusters that might contribute less to the measurement of domain-specific knowledge, such as those that might have difficult wording, we conducted a categorical exploratory factor analysis, examining the empirical fit of models having 1 to 4 underlying factors. To further eliminate poorly performing items from candidate scales, we dropped those having item-scale correlation coefficients o0.20. Participants' use of routine PSA screening was scored from 0 to 2 for each of the 5 age groups. An overall PSA use score, ranging from 0 to 10, was calculated by summing the scores for the individual age groups. Subjects were then categorized based on this score as low ( 3), intermediate (4 to 6), or high ( ! 7) users of routine PSA testing for prostate cancer screening. Participants' were classified as sharing the PSA screening decision if they chose the third or fourth response option on the decision-making style question (no subjects chose the fifth response option).
Chi-square or Fisher's exact tests were used to assess associations among categorical variables. T-tests, Wilcoxon rank sum tests, or Kruskal-Wallis tests were used to compare dis-tributions of continuous variables. Multivariate relationships for knowledge and belief scores were evaluated using ordinary least squares regression. Residual analyses, including Breusch-Pagan tests for heteroskedasticity, indicated that these linear models were adequately specified. Statistical calculations were carried out in SAS version 8 (SAS Institute, Cary, NC), except for factor analyses, which were carried out using Mplus version 2.14 (Muthén & Muthén, Los Angeles, CA).
RESULTS
Of 285 physicians recruited, 21 visited the study website after the initial invitation and another 59 did so after an average of 2.5 telephone messages or contacts. Most nonparticipants we reached cited having insufficient time for the online exercise. Of the 80 who visited the website, 2 were ineligible and 2 declined to give consent. Of the 76 who gave consent and were eligible, 70 completed participation, for a net participation rate of 25%. Technical support was not a significant barrier to participation. Participants were fewer years from medical school, and were more likely to be board certified than nonparticipants, but they did not differ in their gender or specialty (Table  1) . Participants reported moderately diverse practice settings and race-ethnicity. In addition, 45% reported some affiliation with a medical school or residency training program. Among 25 male participants age 50 or older, 23 (92%) reported having had PSA screening themselves; only 11 (44%) reported having had DRE screening.
The average percent correct for the individual knowledge items ranged from 4% to 93%, and the average total number correct for all 30 questions was 13.7 (standard deviation [SD] 3.7, Cronbach's a 0.58). In exploratory factor analyses, a 2-factor solution provided the most reasonable representation of the knowledge responses. Based on the content of items contributing to each factor, we interpreted 1 factor as representing test-taking skills more than knowledge that specifically informs prostate cancer screening. For example, the question on the predictive value of PSA testing that asked the probability of finding no cancer given a positive test loaded more strongly on the test-taking skills factor while the one with more straightforward wording loaded more strongly on the knowledge factor.
We constructed a reduced knowledge scale by including the items with loading values ! 0.20 for the knowledge factor, and excluding items having item-scale correlation coefficients o0.20 (Appendices A & B) . This resulted in a 15-item scale having a =0.71, indicating sufficient internal consistency reliability for group comparisons. 21 Participants' scores on this 15-point scale averaged 7.4 (range 3 to 12, median 7, SD 2.6). Knowledge scale scores were higher, on average, among participants who were board-certified (7.8 vs 5.0, P =.002), who were within 20 years of medical school graduation (8.1 vs 6.6, P =.008), and who had any teaching affiliation (8.3 vs 6.8, P =.008). There were statistical trends toward lower knowledge scores for males (7.1 vs 8.4, P =.06), and general practitioners (5.0 vs 7.5, P =.10). Forty-two subjects (60%) reported a shared decision-making style for PSA screening. These subjects showed a trend toward greater knowledge scores (7.8 vs 6.8, P =.08). In multivariate regression models including gender, specialty, years since graduation, decision-making style, board certification, and teaching affiliation as predictors of knowledge scores, board certification was the only variable independently associated with knowledge (P =.01), although there was a trend toward an independent association for teaching affiliation (P =.08).
Participants' net beliefs in the mortality benefits of specific screening tests, on a rating scale from À 1 to 3, ranged from 2.61 for mammography to 0.64 for screening chest xrays. For PSA screening, the mean (SD) belief score was 1.80 (1.07), and for DRE screening it was 1.78 (0.99). No subject rated PSA screening as having a harmful effect, and 1 subject gave this rating for DRE. Physicians with a teaching affiliation had less belief in PSA screening (1.43 vs 2.05, P =.04), and there were statistical trends toward less belief in PSA screening for female, board-certified, and more recently graduated physicians. Similar but weaker trends were present for belief in DRE screening, but none of these relationships reached statistical significance. Subjects who do not practice shared decision making also had significantly greater belief in the benefit of PSA screening (2.14 vs 1.56, P =.04). Knowledge scores were inversely correlated with belief in PSA screening (r =À .49, Po.001) and with belief in DRE screening (r =À .38, P =.001). In multivariate analyses, no variables other than knowledge had significant associations with belief in PSA or DRE screening, and there were no significant interaction effects with knowledge.
Scores for overall use of routine PSA screening ranged from 0, indicating little use in any age group, to 10, indicating high use among all men over age 40. The mean overall PSA use score was 6.7 (SD 2.7). When participants were categorized as low, intermediate, or high users of PSA screening based on their overall PSA use scores, all of the ''intermediate'' users were highly age-selective, reporting very high levels of routine use in the 50 to 69 age range and very low levels of routine use in the 40 to 49 and 801 age ranges ( Table 2) .
Scores on the scale of knowledge related to PSA screening differed significantly among the groups of physicians with different PSA screening practices (Table 3) , with scores being higher for both the low users and the age-selective users of PSA screening. These groups also differed somewhat in other characteristics, including board certification and teaching affiliation, but not gender or years since medical school graduation. Significantly fewer high users reported sharing the PSA screening decision with their patients. The high users of PSA testing had much greater belief in net mortality benefits from both PSA and DRE screening. This group was also much more likely to believe in mortality benefits from screening chest xrays for lung cancer. The groups' beliefs showed modest differences for fecal occult blood testing and mammography screening, and no significant differences for colonoscopy and Pap smear screening.
DISCUSSION
In this study, we developed a 15-item scale measuring physicians' knowledge related to the prostate cancer screening decision. The scale demonstrated internal consistency reliability sufficient for group comparisons. In addition, higher scores on the scale were associated with less belief in the benefits of PSA testing as well as lower and more age-selective self-reported use of the PSA test in practice. These associations provide support for construct validity, 22 as they are in the direction that would be predicted by a theoretical model in which knowledge influences beliefs, and beliefs in turn influence actions.
Our results also suggest that physicians' tendency to conduct shared decision making is associated with their beliefs and perhaps with their knowledge about PSA testing. Although physicians' use of PSA screening is probably influenced by factors other than their belief in the test's efficacy, such as their comfort in dealing with uncertainty, 23 our findings imply that physicians' knowledge is an important predictor of their testing behavior. Thus, this study raises the possibility that educational programs could improve physicians' use of shared decision making and reduce their use of PSA testing among men with relatively low life expectancy. The knowledge test that we developed for this study may be useful as a summative evaluation of educational programs on prostate cancer screening and as a diagnostic test to assess the participants' prior knowledge. Our findings of poor familiarity with the USPSTF recommendations demonstrate a particular need for education on this guideline. All male subjects age 50 or older had rated PSA screening as having at least a small net mortality benefit; thus, the finding that nearly all male subjects age 50 or older had received PSA screening themselves shows that these physicians are making personal screening decisions in accord with their beliefs. Our study has several limitations. First, the low response rate raises the likelihood that our sample does not represent primary care physicians in Los Angeles. However, the sample was diverse enough to identify noteworthy relationships between knowledge, beliefs, and practices. Furthermore, Ã Data are mean scores for the use of routine PSA testing within each age category, on a scale ranging from 0 to 2.
PSA, prostate-specific antigen.
since board-certified and younger physicians were overrepresented among respondents, and since these characteristics were each associated with higher levels of knowledge, the true level of knowledge in our source population may be less than the level we found. It is also possible that knowledge, beliefs, and practice patterns in Los Angeles would differ from those found in other areas. However, we did not find any subject characteristics that modified the relationship between knowledge and beliefs (i.e., we found no interaction effects), suggesting that our measure of knowledge would correlate similarly with beliefs and practices in different physician subpopulations. Nonetheless, our relatively small sample size limits our ability to test complex, multivariate models. The sample size also limited our ability to detect distinct knowledge subdomains using factor analysis. Finally, physicians may not report their screening practices accurately. As PSA screening is simple to order, physicians' perceptions of their PSA screening practices may be relatively unbiased, but a study to validate physician self-report of PSA screening may be warranted.
In conclusion, we have developed a 15-item scale that has content validity for measuring knowledge about prostate cancer screening and that, in our pilot evaluation, correlated as expected with measures of physicians' beliefs and self-reported practices. This scale therefore holds promise for measuring the results of educational programs aimed at improving physicians' knowledge about prostate cancer screening. However, further studies of this scale are warranted in larger and more representative national samples.
